To analyse time trends and contemporary rates of postoperative complications after radical prostatectomy (RP) and to compare the complication profile of open RP (ORP) and robot-assisted laparoscopic RP (RALP) using standardised reporting systems.
Introduction
As an established treatment method for localised prostate cancer, radical prostatectomy (RP) provides excellent cancer control [1] . However, as a major urological surgery it can lead to severe complications. While numerous investigators have reported complications after RP, most of them lacked standardised reporting systems, which are essential for quality management, as well as for comparison across approaches or institutions [2, 3] . As such, the Martin and Clavien-Dindo criteria are commonly relied on [2, 4, 5] Published in 2002, Martin et al. [2] developed 10 criteria for accurate and assisted laparoscopic prostatectomy (RALP) has been broadly adopted in the USA and Europe [6] [7] [8] [9] . Despite the rapid spread of RALP, to date, only few retrospective data compared the two approaches with regard to complications using standardised reporting systems [6, 10] . Most recently, Yaxley et al. [10] presented results of the first prospective, randomised controlled trial that compared outcomes between ORP and RALP amongst 326 patients that were treated in a single Australian institution between 2010 and 2014. The authors did not find a difference for overall Clavien-Dindo complications, although RALP patients had significantly less estimated blood loss, shorter hospital stay, and shorter operating room time compared to their ORP counterparts.
The aim of our present study was to show time trends in postoperative complications over the last decade and to present contemporary complications (2013-2015) using standardised reporting systems amongst patients undergoing ORP vs RALP within a tertiary high-volume centre.
Patients and Methods

Study Cohort and Main Exposure
Data of 16 369 consecutive patients who underwent RP between 2005 and 2015 at a single high-volume institution were retrospectively analysed. Exclusion criteria were missing data on postoperative complication status (n = 2445). Primary endpoints were: (i) time trends in complication rates after RP, (ii) rates of contemporary postoperative complications according to the revised Clavien-Dindo grading system (2013) (2014) (2015) , and (iii) impact of surgical approach (ORP vs RALP) on contemporary complication rates.
Eight surgeons performed all procedures using an open or robot-assisted laparoscopic approach as previously described [11, 12] . Patients received daily low-dose heparin from the day before until 3 weeks after surgery. Intravenous antibiotic single-shot prophylaxis (cephalosporin antibiotic) was provided in all surgeries and patients undergoing RALP received an additional 5 days of oral prophylaxis (gyrase inhibitor). Drainage was removed on postoperative day 2 if output was <60 mL (ORP) or <200 mL (RALP), respectively. Abdominal and pelvic ultrasonography was performed on postoperative day 1 and 3, as well as on the day of discharge. Typically, patients were discharged on postoperative day 5. Cystography and removal of the transurethral catheter were performed according to individual surgeons' discretion. All pre-and postoperative data were collected at our Institutional Review Board-approved institutional database. During the hospital stay, postoperative complications were assessed by treating physicians and nurses, and collected on our database. After discharge, follow-up consisted of patient-reported outcomes using standardised questionnaires. Questionnaires were completed 1 week after discharge and 3 months after RP. Additional information was obtained from rehabilitation files and other physician's reports.
Definition of Outcome Variables
Postoperative complications between 2013 and 2015 were categorised according to the revised Clavien-Dindo classification system into five groups [5] . The first group includes any abnormality from the standard postoperative process that did not require further treatment except for some specified drugs, i.e. anti-emetics. The second group contains complications that require pharmacological treatment or blood transfusions. Interventions under local anaesthesia (IIIa) or general anaesthesia (IIIb) represent group III, whilst life-threatening complications are gathered within group IV. Finally, death of a patient is assigned to group V. Operating time, length of hospital stay (LOS), and catheterisation time, were registered separately.
Before complete adoption of the Clavien-Dindo classification in 2013, complications were grouped into the following schemes as previously reported: cardiac, respiratory, vascular, genitourinary, wound, blood transfusions, as well as miscellaneous surgical and miscellaneous medical [13, 14] .
Statistical Analyses
Annual incidence rates of different complications were graphically displayed over the observation period from 2005 to 2015. The estimated annual percentage change was calculated using the least-squares log-linear regression method as previously described [15] . Descriptive statistics relied on frequencies and proportions for categorical, as well as on means, medians and interquartile ranges (IQRs) for continuous variables. The chi-squared and MannWhitney tests were used to compare the statistical significance of differences in proportions and means between ORP and RALP patients. Multivariable logistic regression analyses assessed the impact of surgical approach on complication rates. Continuous variables such as operating time, catheterisation time and LOS were categorised according to the cohort's median. To reduce selection bias, inverse probability of treatment weighting (IPTW) was performed. Risk of being assigned to RALP was assessed using logistic regression analyses based on possible confounders namely age, body mass index (BMI), prostate volume, Charlson Comorbidity Index (CCI), biopsy Gleason Score, clinical tumour stage, and preoperative PSA level. All statistical tests were two-sided with a level of significance set at P < 0.05. Analyses were performed using the R software environment for statistical computing and graphics (version 3.3.0; R Foundation for Statistical Computing, Vienna, Austria). Table 1 depicts patient and disease characteristics of 13 924 patients treated between 2005 and 2015. Overall, the median (IQR) age was 64.7 (59.2-68.9) years and the PSA level was 7.0 (4.9-10.6) ng/mL. The majority of patients had localised disease (65.9% pT2) and Gleason scores of ≤3 + 4 (74.4%).
Trend Over Time Analyses (2005-2015)
Within the 10-year observation period the overall complication rate significantly increased amongst all 13 924 patients, who underwent RP between 2005 and 2015. Most frequently observed complications were surgically related such as lymphocoeles, haematoma, peripheral neuropathy, and extravasation, as well as blood transfusions. Whilst surgicalrelated and genitourinary complications increased, the amount of blood transfusions decreased over time. Other complications such as cardiac, respiratory, vascular, wound or miscellaneous medical remained <5% over the entire observation period.
Contemporary Complications (2013-2015)
Contemporary complications were assessed in 4973 RP patients treated by eight different high-volume surgeons (each >800 RPs until 2013) between 2013 and 2015. Table 1 depicts detailed patient and disease characteristics. Overall, 20.6% patients had at least one Clavien-Dindo complication. The majority were minor Clavien-Dindo grades (10.8% Clavien-Dindo Grade I and 7.9% Clavien-Dindo Grade II). Most frequently observed complications were lymphocoeles or prolonged secretion of lymph (6.0% of all patients), as well as blood transfusions (3.6%), urological infections (3.4%), and acute urinary retention after removal of the transurethral catheter (2.0%) ( Table 2 ). ClavienDindo Grade IIIa and IIIb complications were recorded in 3.4% and 2.6% of patients, respectively (Table 3) . Here, most common complications were placement of percutaneous drainage systems for infected lymphocoeles, haematoma or abscess formations (3.3%) and laparoscopic marsupialisation of persistent lymphocoeles (1.3%). Life-threatening complications were rare (0.9%) and two patients died during the observation period. One patient had a possible transfusion-related acute lung injury after postoperative bleeding and surgical revision, whilst the other patient died from an acute myocardial infarction. A detailed list of complications according to the Clavien-Dindo classification is provided in Tables 2 and 3 . Table 4 presents demographic and disease characteristics according to surgical approach of the original cohort, as well as for the artificial cohort after propensity score weighting. Since its introduction in 2008, the use of RALP has continuously increased in our institution, representing almost half of all RPs in 2015 (Fig. S1 ). In unadjusted comparison, patients undergoing ORP were more likely to develop Clavien-Dindo Grade II and III complications, whilst minor complications (Grade I), as well as severe (Grade IV-V) were comparable between groups (Table 5) . Furthermore, ORP patients had significantly longer catheterisation time and greater estimated blood loss, whilst operating room time and postoperative LOS were shorter. In IPTW multivariable regression analyses, adjusted for age, BMI, prostate volume, CCI, PSA level, biopsy Gleason score and clinical tumour stage, RALP was associated with decreased risk of Clavien-Dindo Grade II and III complications, blood transfusions, and catheterisation time of >9 days (Table 5) . In contrast, patients undergoing RALP had an increased risk of longer postoperative LOS (>6 days) and longer operating room time (>180 min) ( Table 6 ).
Comparison of ORP and RALP (2013-2015)
Discussion
RP represents a routine urological procedure; however, only few data on contemporary complications fulfilled the Martin criteria or used standardised reporting systems such as the revised Clavien-Dindo classification. In light of these limitations, the aim of our present study was to present time trends of postoperative complications over the past decade before and after implementation of standardised reporting systems and to present contemporary complications (2013-2015) of ORP and RALP within a tertiary high-volume centre. Our present study revealed several noteworthy findings.
We observed an increasing complication rate after RP over the last 10 years, before and after applying standard reporting criteria such as complete adoption of the Clavien-Dindo grading system in 2013. Our present contemporary complication rate between 2013 and 2015 was 20.6%, with most complications being minor in nature. Those who are familiar with the Clavien-Dindo classification might have noticed that the majority of low-grade complications would probably not have been recognised in non-standardised reporting systems and might have been underreported in previous years. This finding is consistent with complication rates of more historical cohorts that lacked standardised reporting criteria and had complications rates that were impressively lower than those reported in more recent times using standardised reporting systems [16] [17] [18] [19] [20] . Consequently, accurate and standardised documentation remains a key ingredient for quality management and comparison across approaches or institutions. Moreover, a shift in patient selection over the years might have also contributed to the higher complication rate in contemporary RP patients. For example, with increased use of active surveillance or alternative therapies, such as high-intensity focused Our present contemporary complication rate of 20.6%, with most complications being minor Clavien-Dindo Grades I and II, is in the range of those described in recent literature applying the Clavien-Dindo grading system [18, 19, [21] [22] [23] [24] . One of the largest series was published in 2010 by Rabbani et al. [18] and reported an overall complication rate of 30.3% in 4592 patients undergoing ORP or laparoscopic RP (LRP). While blood transfusions (55% for ORP) were excluded from the Clavien-Dindo grading system, minor grade complications accounted for 19.9% in ORP patients. Furthermore, L€ oppenberg et al. [19] analysed 2893 RP patients between 2003 and 2009 and observed complications in 26.9%. Similarly, Clavien-Dindo Grades I and II represented the majority of complications. Moreover, Constantinides et al. [25] reported an overall complication rate of 26.9% in 995 patients that underwent RP between 2000 and 2007. Here, Clavien-Dindo Grades I and II were registered in 7.3% and 12.6%. In addition, Cheng et al. [26] reported an overall complication rate of 40.1% in 359 patients undergoing ORP (78%), LRP (12.5%) or RALP (9.5%). However, it has to be acknowledged that inclusion criteria differed and the authors also included patients with neoadjuvant therapies. Our present findings are in contrast to the complication rates reported by Bhandari et al. [27] or Coelho et al. [21] that reached~5%. However, the report by Bhandari et al. [27] assessed very early complications that occurred within the first week of surgery in 300 RALP cases performed by two surgeons in 2003. In addition, the treating physician recorded all complications at first follow-up visit (4-7 days after surgery). The study of Coelho et al. [21] analysed complication rates of 2500 RALP performed by a single surgeon between 2002 and 2009 compared to eight different surgeons in our present series, which might account for the lower rate in this report.
To date, there is ongoing controversial discussion with respect to possible advantages of RALP over ORP. Most data, comparing complications of ORP and RALP patients, are derived from large population-based studies or small single institutional series and lacked standardised reporting systems or included large numbers of historical patients [6, 14, 23, 28, 29] . To date, only one randomised clinical trial compared the complication profile of RALP and ORP in a single institution and found no difference in overall ClavienDindo complication rates, while RALP patients had less blood loss, shorter LOS and shorter operating room time [10] . Conversely, in an analysis of 629 593 ORP and RALP patients within the Premier Hospital Database (2003-2013), Leow et al. [6] revealed a lower overall Clavien-Dindo complication rate in RALP patients. None of the studies performed a comparison for each Clavien-Dindo grade separately. In our present series, RALP patients had less overall as well as Clavien-Dindo Grade II and III complications, while we could not find a difference for Grade I and IV complications. Consistent with the literature, we confirmed less blood loss and subsequently lower rates of transfusions in RALP patients [6, 14, 29, 30] . Interestingly, this did not result in shorter LOS as previously reported [6, 10, 14] . One reason for this observation might be that RALP patients were more likely to undergo cystography and catheter removal during the hospital stay and were therefore kept 1 or 2 additional days, whilst a high proportion of ORP patients were discharged with an indwelling catheter on postoperative day 5.
Despite those that are inherent with retrospective data, our present study has several important limitations. First, recording of complications by treating physicians might have introduced a subjective bias that could not be controlled for. Second, although most procedures were standardised in our institution, some, such as cystography and removal of the catheter, were performed at individual surgeon's discretion and should be considered when interpreting the results. In addition, while we aimed to assess postoperative complications, we were unable to distinguish between intra-and postoperative blood transfusions. Finally, we report data of a single institution, which limits generalisability of our present results to the general population. However, compared to other institutional series where single surgeons performed all procedures, we included eight different surgeons, all performing both procedures, ORP and RALP.
The strength of our present study relies in the use of standardised reporting systems and fulfilment of all Martin criteria. To the best of our knowledge, no study has reported complications amongst contemporary ORP and RALP patients (between 2013 and 2015).
Complications after contemporary ORP or RALP are most frequently minor Clavien-Dindo grades. Implementation of standardised classifications systems has led to increased complication rates but remains a key ingredient for quality management and comparison across institutions and approaches. RALP was associated with a better complication profile than ORP.
